Background and Purpose. The purposes of this study were to describe the use of ultrasound by Dutch physical therapists and to address the question of whether this use is what would he considered correct. Subjects and Methods. Physical therapists in the Dutch primar): health care system gathered data on 17,201 patients, addressing reasons for referral, treatment goals (in tcrms of in~pairn~ents and disabilities), and physical therapy interventions. Patients treated with ultrasound (n=3,959) were compared with a reference group of patients who were not treated with ultrasound (n=13,242). Results. Physical therapists applied ultrasound for soft tissue injuries of recent onset, mainly aiming to reduce pain and swelling. Ultrasound was used in all phases of treatment and was not restricted to the first 3 weeks of treatment. Ultrasound was combined relatively infrequently with exercise and relatively frequently with massage. Conclusion and Discussion. Regarding the indications for referral and treatment goals chosen, the actual usc of ultrasound corresponds to assumptions about expected use. The timing of its application and the cornbination with other forms of therapy do not correspond in all aspects to the assumptions made.
ltrasound is an intervention that is frequently used by physical therapists. In the northeastern United States, 64% of physical therapists use ultrasound at least once per day.l In private physical therapy practices in Brisbane, Queensland, Australia, this percentage is 93%.z In physical therapy clinics of National Health Senice hospitals in the United Kingdom, 20% of the episodes of care include ultrasound, and this percentage is 54% in private physical therapy practices.S4 In the Netherlands, primary care physical therapists are obligated to have a therapeutic ultrasound device,5 and ultrasound is used in 17% of all episodes of care.G The sumeys mentioned here describe general trends in the use of ultrasound in physical therapy practices, such as conditions treated with ultra~ound,"~ availability of ultrasou~nd devices, and adequacy of training in the use of this form of therapy.l.2 More specific information on practice patterns (eg, addressing treatment goals that physical therapists pursue with ultrasound and timing of its application in the course of treatment), however, is lacking. This knowledge about the use of a form of therapy is important for the further development of the physical therapy profession, especially in understanding why phy:sical therapists apply certain interventions and the particular situations in which these interventions are applied.:' Furthermore, this information could be helpful in designing effect studies that are clinically relevant. The first aim of our study, therefore, was to describe the use of ultrasound by Dutch physical therapists working in the primary health care system.
Whether the use of ultrasound by physical therapists is in line with its expected use, based on the present body of knowledge, is not known. This is essential information from the perspective of an efficient application of care. The second aim of our study, therefore, was to gain insight into the degree of correspondence between "theory" and practice regarding the use of ultrasound.
With respect to the theory on the effectiveness and working mechanisms of ultrasound, a large amount of literature is available. The hypothesized effects of ultrasound are based primarily on studies on tissue repair in animals8-lo and on clinical e x p e r i e n~e s .~~.~Z There are several studies on the clinical effectiveness of ultrasound, but these randomized clinical trials have equivocal r e~u l t s .~~-~~ On the basis of these studies, definitive conclusions about the clinical effectiveness of ultrasound cannot be drawn. Thus, criteria for the expected use of ultrasound have to be derived from a broader perspective, including t e~t b o o k s ,~~,~~ literature on the underlying mechanisms of action of u l t r a~o u n d ,~-1~~2~ judgments of veteran therapists,11J2 and elements of clinical effect studies. Based on these sources of literature, we formulated 4 assumptions on the expected use of ultrasoundz6 with regard to (1) reasons for referral, (2) timing of application, (3) treatment goals, and (4) contribution to total treatment. Several author^^^^^.",^^^^ refer to ultrasound as having a beneficial effect on the healing of soft tissues. The heating effects of ultrasound can reach periarticular structure^.^^^^:^^" Based on these presumed effects, we developed a list of indications for the use of ultrasound. Our first assumption was: Assumption 1-reasons for referral. We expected that ultrasound will be applied mainly to soft tissue injuries because of its presumed effect of accelerating healing damaged tissue^.^^-^^^^^ According to the literature, injuries of the elbow (especially lateral humeral epicondyliti~)~,l~,~~-~~,~~,~O and of the shoulder (eg, periarthritis, capsulitis, frozen shoulder, subacromial b~rsitis)ll,l"l"~"~~ are most amenable to ultrasound.
We based our second assumption on the findings that the accelerating effect of ultrasound on tissue repair mainly applies to the early phases of the healing process (inflammatory and proliferative phases)3,10.12.13,2:3 and that application of ultrasound in the third phase (remodeling phase) may even have adverse effects on the strength of t i~s u e .~~,~~ Thus, the timing of therapy is assumed to be critical.l2.l3
Assumption 2-timing of application. We expected that ultrasound will be applied especially in recent injuries and in the first phases of treatment (eg, the first 3 weeks of treatment).s',13, 16 We expected that ultrasound will be applied in a later stage only when the healing process is delayed.l2.l3
By accelerating the healing process during the early phases of inflammation and repair, the use of ultrasound may assist in pain relief l2.l8,2"24 or in the alleviation of other symptoms of inflammation, such as edema.2-?-2Vn addition, some author~l',l~,2-?-'~ contend that ultrasound increases the extensibility of collagen, thus facilitating the stretching of scars or adhesions. Our third assumption is:
Assumption 3--treatment goals. Based on the literature, we expected that ultrasound will affect the signs of inflammation such as pain, swelling, redness, heat, and limited function (eg, range of motion) .24.25 Baqed on clinical experience12 and research on tissue repair,lB~':~ reduction of pain and reduction of swelling,12,1s,23 in particular, are expected to be treatment goals with the use of ultrasound.
Our fourth assumption deals with the effects of ultrasound as a component of treatment. Ultrasound has been used to increase ligament and tendon extensibility.14,21,'4 Ultrasound is used to help a patient benefit from other types of interventions such as 4,16,2l,?2,24 Assumption 4-contribution to total treatment. We expected that ultrasound will be used in combination with other forms of therapy, especially with exercise.
Method

Survey on Physical Therapy in Primary Health Care
From February 1989 to October 1992, a survey was conducted of physical therapists working in private practice in Dutch primary health ~are.'~-:~I Within this period, 83 physical therapists from 32 private practices participated. Therapists at the practices participated for periods between 6 months and 4 years. In the Netherlands, about 60% of all physical therapists work in primary health care." The physical therapists responding to our survey appear to be representative of Dutch physical therapists in primary care3' and were very similar in terms of gender (47% of our respondents were female versus 48% of all Dutch physical therapists) and years since graduation from a physical therapist program (67% of our respondents were graduated 5 years or longer versus 66% of all Dutch physical therapists). In our survey, younger physical therapists (ie, less than 35 years of age) were overrepresented (60% of our respondents versus 43% of all Dutch physical therapists), whereas physical therapists with a contract with public health insurance companies were somewhat underrepresented (57% of our respondents versus 69% of all Dutch physical therapists). Large practices of 4 or more therapists also were underrepresented (3% of our respondents versus 29% of all Dutch physical therapists). There is no reason, however, to expect that these deviations would substantially affect the generalizability of the survey results.
Patients
There were 17,201 patients in our study. Patients who were treated at least once with ultrasound during their episode of care were identified as the ultrasound group (n=3,959). Using our assumptions about the use of ultrasound, we compared the group that received ultrasound with a group of patients who were not treated with ultrasound (reference group, n = 13,242). This approach is called the case-referent approach in epidemiologic research, and the reference group provides an "anchor" from which comparisons can be made.33~34 For example, if a reason for referral is expected to be correct for treatment with ultrasound, this reason should occur more often for patients in the ultrasound group than for patients in the reference group.
Assessment
During treatment, records were kept for the patients using a standardized two-part patient record form.y7-31s35 The general part of the form was filled in at the start of the episode of care. This part concerned patient characteristics., complaints, and reasons for referral. Referring physicians could establish a maximum of 4 reasons for referral for a patient. These reasons for referral were classifiesd by a research assistant according to the International Classification of Primary Care (ICPC) .36
After each visit, the physical therapist completed the second part of the form regarding treatment goals and physical therapy interventions used for the patient. For each visit, the physical therapist could choose a maximum of 4 treatment goals and could specify one intervention for each goal. For example, the therapist could indicate pain reduction as a therapeutic goal, with ultrasound as the intervention. Physical therapists registered treatment goals in terms of impairments and disabili~ies.:~?
Data Analysis
Making an appropriate comparison between episodes of care is complex, because episodes of care have different numbers of visits and each visit consists of different numbers and types of treatment goals and interventions. Data on treatment goals and interventions, therefore, were aggregated into episodes of care."-"' For each patient, the relative occurrence of interventions during the whole episode of care was calculated; the frequency of use of an intervention was divided by the frequency of all interventions used in the episode of care. For example, if a. patient had an episode of care consisting of 10 visits in which he or she was treated 8 times with ultrasound, 4 times with massage, and 4 times with exercise, the relative occurrence of ultrasound for this episode was 50% and the relative occurrence of massage and of exercise was 25%. Because no other interventions were used in this episode, the relative occurrence of other interventions was 0%. In a similar way, the relative occurrences of treatment goals regarding impairments and dkabilities were calculated.
To investigate the timing of ultrasound during the course 'of an episode of care, we divided treatment into 3 phases. These phases were chosen to correspond with the phases that are described for the healing process. The first phase (0-3 weeks) corresponded to the inflammatory and proliferative phase, the second phase (3-6 weeks) corresponded to the overlay of the proliferative and remodeling phases, and the third phase (more than 6 weeks) corresponded to the late remodeling phase of tissue repair. 25 The duration of patients' complaints at the stairt of the episode of care was categorized in a comparable way. 
Statistics
Differences between the ultrasound group and the reference group were tested by means of a chi-square test for independence." If the strength of the relationships was significant, it was expressed by means of Cramer's coefficient V (r classes X 2 groups) or phi coefficient (2 classes X 2 groups) (nominal level) ." Regarding reasons
for referral, differences were tested for each reason separately.
For each intervention, we tested whether the mean relative occurrence differed between the ultrasound group and the reference group. Comparably, differences were tested for the relative occurrence of specific treatment goals with ultrasound and with other interventions. Because the relative occurrences of interventions and treatment goals were not normally distributed, nonparametric Kruskal-Wallis one-way analyses of variance were used.3s The strength of the relationships was assessed using Spearman rank-order correlation coefficient (r) (ordinal level).3x Differences in the relative occurrence of ultrasound use between various phases of treatment were tested by means of the nonparametric Friedman test for matched samples." For all tests, the significance level was set at .O1. Analyses were performed using SPSS-X.39*
Results
General Characteristics of Patients Treated With Ultrasound
About half of the patients in the ultrasound group were male (51%). In this respect, the ultrasound group differed slightly from the reference group, in which 44% 
Reasons for Rebrral and Duration of Complaints
Based on our assumptions for the group receiving ultrasound, use of ultrasound was categorized with respect to location and diagnosis (ICPC codes). The 15 most commonly reported reasons for using ultrasound were selected. The percentages of patients in the ultrasound group with these reasons were compared with the respective percentages in the reference group (Tab. 2).
As expected, shoulder syndromes (including periarthritis humeroscapularis, bursitis, and rotator cuff tendinitis) and lateral epicondylitis occurred more frequently in the ultrasound group (12.4% and 9% of the patients, respectively) than in the reference group (3.1% and 1.3% of the patients, respectively). Similarly, diagnoses or complaints involving the knee occurred more frequently in the ultrasound group (3.7%-7.2% of the patients) than in the reference group (2.6%-3.2% of the patients), and diagnoses or complaints involving the ankle occurred more frequently in the ultrasound group of the patients were male. The age distribution of (5.1% of the patients) than in the reference group patients in each group is shown in Table 1 . Ultrasound (1.5% of the patients). Injuries and complaints involving was applied somewhat less frequently in the older age the neck and back less in the categories. In the ultrasound group, 11.7% of the ultrasound group (3.9%-6.6% of the patients) than in patients were 65 years of age or older, compared with the reference group (7.5%-16.9% of the patients). 17.4% in the reference group.
Therefore, there were no specific reasons for ultrasound use.
Patients in the ultrasound group differed slightly from patients in the reference group with respect to the duration of their complaints at the start of the episode of care (Tab. 3). Chronic complaints (ie, complaints of longer lhan 3 months' duration) occurred less frequently in the ultrasound group (21.9% of the patients) than in he reference group (30.1%).
Occurrence of Ultrasound Use and Its Timing During the Course of Treatment
In 23% of the patients who received ultrasound, physical therapists used ultrasound at least once during the episode of care. In 52% of these patients, ultrasound comprise-d a relatively large part of their treatment (ie, more than 30%).
The Figure shows the relative occurrence of ultrasound in differ,ent phases of treatment. During episodes of care of short duration ( < 3 weeks) and medium duration (3-6 weeks), iiltrasoynd was applied relatively frequently (mean I-elative occurrence of 35% and 32%, respectively), compared with episodes of long duration ( > 6 weeks; mean relative occurrence of 27%). This finding corresponds to our assumption that the emphasis on ultrasound was expected in the first 3 weeks of treatment. During episodes of care of medium and long duration, however, ultrasound was applied slightly more frequently in the second treatment phase (3-6 weeks) than in the first treatment phase (0-3 weeks). This result does nost correspond to our assumption regarding an early timing of ultrasound during the course of treatment. Table 4 shows the mean relative occurrence (5SD) of treatment goals pursued with ultrasound as compared with the treatment goals used with other irlterventions in the reference group. As expected, ultrasound was used relatively frequently for reduction of pain and swelling. The mean relative occurrence of these goals was 66.4% and 15.:5%, respectively, in the ultrasound group compared with 26.2% and 2%, respectively, in the reference group. [mprovement of' joint range of motion was a n infrequently used treatment goal in the ultrasound group, as compared with the reference group (relative occurrence of 1.5% versus 21.5%). Furthermore, we found tlhat treatment goals that theoretically cannot be pursuedl by means of ultrasound were chosen infrequently. This finding applies to the improvement of muscle strength, respiratory disorders, posture, and function and stabilization of the spine and other joints (relative occurrence vaqing from 0% to 0.9%). Figure. reference group. The use of ultrasound was restricted to the ultrasound group (mean relative occurrence of 30.2%?15.1%). Of the other interventions, only massage was applied somewhat more frequently in the ultrasound group (mean relative occurrence of 26.7%) than in the reference group (mean relative occurrence of 23.3%). Contrary to our assumptions, the physical therapist5 used exercise less frequently and gave fewer instructions for home exercises in the ultrasound g~.oiip (mean relative occurrence of 14.1% and 5.2%, respectively) than in the reference group (mean relative occurrence of 21.6% and 10.9% respectively). They also applied manual therapy less frequently in the iiltrasound group (mean relative occurrence of 3.7%) than in the reference group (mean relative occurrence of 13.5%). For other interventions, only small differences between groups were found.
Treatmer~t Goals
lnterven fions
Discussion and Conclusions
The goals of our study were to describe the use of therapeutic ultrasound by physical therapists in Dutch primary health care and to determine to what extent this use of ultrasound is what we would consider correct usage. Percentages of therapeutic ultrasound use ~tiay differ between regions o r countries. Because the education of physical therapists and the dispersion of' recent developments in this field should be based on international literature, we contend that practice patterns could he expected to converge regarding indications for use of ultrasound, treatment goals, and timing during the course of treatment. We have no evidence, however, to support this assumption, and, in many parts of the world, there are large differences in the manner in which therapists are educated. Because separate analyses of our " F<II o11e patient irr the reference group, data on intelveutions were missing.
' Tesling the difference hetween both treaunenl groups for rach intervenlion. "Diadynamic curl-ent ii a fbrm of electrical stimulation. 'The category "others" con~prises, for example, othel-forms of electrotherapy, and taping or bandaging.
data showed no differences in the professional behavior of physical therapists for publicly or privately insured patients or for different systems of r e i m b~~r s e r n e n t ,~~ it is not likely that the established relationships were influenced by the Dutch system of reimbursement. We do not know whether this applies equally to other countries, particularly those where there is little or no reimbursement for ultrasound or where clinical guidelines may affect the use of ultrasound.
regarding both the reason for referral and the specific treatment goals. With regard to the phase of treatment in which ultrasound is used, a mixture of correspondence and noncorrespondence was found. The same applies to the occurrence of cointelventions with ultrasound. The strength of the relationships found, however, is weak. Nevertheless, our analyses revealed treatment patterns in the ultrasound group that were different from treatment patterns in the reference group. We showed that the use of ultrasound corresponds rather well with our assumptions on expected care
Reasons for Referral
Our data show that ultrasound is applied relatively often on patients with injuries at the shoulder and elbowjoint, which corresponds to our expectations. In addition, applicati.ons of ultrasound for injuries in other anatomical locations have been found (eg, in the knee and ankle region). In these regions, in contrast to the deeper located hip, application of ultrasound seems appropriate, as the tissue concerned is situated rather superficially and may be reached by ultrasound.
Timing of Application
Several authors contend that ultrasound accelerates the first phase of the healing process for damaged tissues. In our study, the duration of complaints at the start of treatment for those patients treated with ultrasound was only slightly shorter than for the reference group. Similarly, the assumed emphasis on ultrasound in the first phase of treatment for episodes of care of long or medium duration could not be demonstrated. We found a relatively high occurrence of ultrasound use, however, in episodes of care of short duration. Thus, there is mixed support for our assumption regarding an appropriate timing of ultrasound. Possibly, for certain patients, the use of ultrasound in later phases of treatment may be due to a delayed healing process.
Treatment Goals
Pain reduction is often cited as a treatment goal pursued by means of ultrasound. Similarly, reduction of swelling is also used as a reason for the use of ultrasound. Our findings correspond very well with the expected use of ultrasound. We found, however, that increasing the range of motion is a scarcely used treatment goal with ultrasound. Apparently, ultrasound is not aimed directly at this goal but is used for pain relief and to increase tissue extensibility as prerequisites for this goal.
Ultraso~~nd in Combination With Other Interventions
We expected that ultrasound would frequently be combined with other interventions, especially with exercise. Exercise, however, was applied less frequently in the ultrasound group than in the reference group. This finding suggests that ultrasound was not used to prepare patients for the benefits of another intervention.
We were surprised to find that massage was used more frequently in the ultrasound group than in the reference group, although the difference was very small. This finding may be understood from a different perspective than the one described above. It is possible that ultrasound might induce a form of m i c r o m a~s a g e ,~~~:~ the effects of which are supposed to be comparable to those of other types of massage (eg, deep transverse frictions). Therapists probably assume that both interventions may enhance each other.
Implications
In the absence of consensus on the effectiveness of ultrasound, a description of the actual use of ultrasound and-for the present-a judgment on appropriate use might prove to be very useful. Both the reasons for ultrasound use (eg, soft tissue injuries) and the treatment goals (eg, reduction of pain and swelling) are in line with what we interpret as the recommended applications of ultrasound. In this respect, there seems to exist a certain degree of consensus among Dutch therapists. With regard to both the phase of treatment and suitable cointerventions, we found low correspondence (consistency) between the actual use of ultrasound and expected use of ultrasound.
We hope that our results will stimulate physical therapists to reconsider their use of ultrasound. Perhaps the actual use of ultrasound should be brought in line with our assumptions on how to use ultrasound. A possible method for minimizing such discrepancies between theory and practice and for guiding physical therapists in the appropriate use of an intervention is the development and implementation of practice guidelines for physical t h e r a p i~t s .~~ In the Netherlands, the development of central guidelines is an important part of the quality-of-care policy of the Royal Dutch Physical Therapy A~s o c i a t i o n .~~~~~ It might be argued with equal strength, however, that the practice patterns need not be modified but rather the assumptions and theories on ultrasound use should be revised. A research agenda can be defined, focusing on the application of therapeutic ultrasound in different phases of treatment and on the combination of ultrasound with other interventions. These aspects should be incorporated in studies on the clinical effectiveness of ultrasound.
